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JOY T. NARULA, BSN, PETER P. TARJAN, PHD 
Miami, Florida 
Selective modification of atrioventricular (A V) nodal 
conduction, that is, induction of varying degrees of A V 
nodal delays or block (second or third degree), or both, 
was achieved with a pervenous laser catheter technique. 
In six adult mongrel dogs anesthetized with pentobar-
bital (Nembutal), SF leads were placed through femoral 
and external jugular veins and placed into the right atrium 
and His bundle region. Through another femoral vein, 
a 200 I'm optical fiber was inserted by way of a 7F 
catheter with a preformed curved tip. Guided by fluo-
roscopy and His bundle electrograms, the fiber's tip was 
positioned in the A V nodal region. After autonomic 
blockade was achieved with intravenous propranolol (5 
mg) and atropine (1 mg), AV conduction was analyzed. 
An argon laser delivered 3 to 4 watts into the fiber in 
bursts of 10 seconds' duration until the desired degree 
of AV nodal delay or block (second or third degree) was 
manifested. Monitoring of His bundle electrograms was 
continued for 2 hours. Four weekly serial electrocardio-
grams were recorded, after which electrophysiologic 
studies were repeated. 
Acute post-lasing studies showed that: 1) in all six 
dogs, the mean PR interval was prolonged from 116 ms 
(range 100 to 135) to 153 ms (range 120 to 185), with 
Current modalities for management of supraventriculartachy-
arrhythmias consist of drugs (standard as well as investi-
gational), pacemakers and ablation of His bundle, accessory 
pathways and automatic foci by either thoracotomy or de-
livery of a direct current shock through an electrode catheter 
in the closed chest (1-20). However, these modalities are 
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the prolongation being caused exclusively by AH length-
ening from 68 ms (range 50 to 90) to 105 ms (range 65 
to 140); 2) the mean etTective refractory period of the 
A V node increased from less than 185 ms (range < 150 
to <200) to 215 ms (range 190 to 280); and 3) the mean 
atrial pacing cycle length, at which second degree AV 
nodal block was manifested, increased from 210 ms (range 
160 to 260) to 261 ms (range 205 to 320). The PA, H 
and UV intervals and QRS complex remained constant. 
In two of the six dogs, additional radiation produced 
second and eventually third degree AU block with an 
escape junctional rhythm, HV interval and QRS com-
plex identical to those during control normal sinus rhythm. 
After 2 hours, the junctional rhythm was replaced by a 
distal rhythm that persisted for the next 4 weeks. In the 
remaining four dogs, persistence of A V nodal delays was 
noted when the dogs were restudied at 4 weeks. 
None of the dogs exhibited any complications during 
the acute or chronic observations. The potential appli-
cation of this technique to slow A V nodal conduction for 
management of supraventricular tachyarrhythmias in 
human beings merits further clinical investigation. 
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not always ideal as they may be associated with intolerable 
drug side effects or the need for a permanent pacemaker. 
We are currently exploring the use of laser technology 
as an alternate and adjunctive therapeutic approach. We 
recently reported (21,22) successful induction of complete 
heart block by microtransection of the His bundle with laser 
energy delivered through an optical fiber in a pervenous 
catheter. This capability to produce precise micro lesions 
with the use of laser energy suggested that it may be possible 
to produce varying degrees of atrioventricular (A V) nodal 
delays. Our present report documents successful modifi-
cation of A V nodal conduction by production of graded 
degrees of prolongation of A V nodal refractoriness and con-
duction time, namely, first to third degree A V nodal block 
using a pervenous laser catheter technique. 
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Methods 
Exercise protocol. Experiments were performed in six 
adult mongrel dogs weighing between 18 and 21 kg. The 
dogs were anesthetized with intravenous pentobarbital 
(Nembutal) (30 mg/kg), intubated and ventilated. Both of 
the femoral veins and an external jugular vein were entered 
percutaneously. A quadripolar electrode catheter (5F with 
ring electrodes 10 mm apart) was introduced through an 
external jugular vein and positioned in the high right atrium 
for recording of atrial electrograms and atrial stimulation. 
A bipolar electrode catheter (5F with I cm interelectrode 
distance) was introduced through the left femoral vein and 
positioned in the His bundle region for recording His bundle 
electrograms and guiding the positioning of the catheter 
containing the optical fiber in the A V nodal region. 
Intracardiac electrograms were displayed with filter set-
tings between 30 and 500 Hz. Two standard electrocardio-
graphic leads (II and aVR) were recorded simultaneously 
with intracardiac electrograms. All recordings were made 
on a multichannel oscilloscope and a chart recorder. A ra-
diopaque catheter (7F), with a slightly curved tip and an 
end hole, containing a 200 ILm diameter central core quartz 
fiber for delivery of laser energy, was inserted through the 
right femoral vein. Under fluoroscopic control and guided 
by the electrode catheter recording the His bundle electro-
gram, the laser catheter tip was positioned in the region of 
the AV node and aimed posteriorly. 
Laser technique. The fused silica fiber was connected 
to an argon-ion laser (Laser Ionics) and was operated in 
multi mode with principal wavelengths of 488 and 514 nm. 
Power output from the laser source and at the fiber tip was 
verified by an external power meter. The power output at 
the laser source ranged from 3 to 4 watts, and at the fiber 
tip (when measured outside the body) ranged from 0.7 to 
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1.4 watts. These output readings may not represent the 
actual power delivered inside the heart, which may be al-
tered by circulating blood. Laser energy was delivered in 
bursts of 10 seconds' duration to achieve the desired increase 
in A V nodal delays in all six dogs. In two dogs (Dogs 5 
and 6), additional laser energy was delivered to produce 
second and finally third degree A V block. 
Recordings. During the control study, A V conduction 
was analyzed after autonomic blockade was produced with 
intravenous administration of propranolol (5 mg) and atro-
pine (I mg) (23). His bundle recordings were obtained dur-
ing normal sinus rhythm and during regular atrial pacing at 
progressively increasing rates until second degree A V block 
was manifested. In addition, anterograde refractory periods 
were analyzed. These studies were repeated after "lasing" 
(delivering energy from the laser through an optical fiber to 
the target tissue) and accomplishing desired alterations in 
A V nodal conduction (after the additional intravenous 
administration of I mg of atropine to ensure vagal blockade). 
The monitoring of His bundle electrograms was continued 
for an additional period of at least 2 hours. Aortic root 
perforation or aortic insufficiency was ruled out by an aortic 
root angiogram. Standard electrocardiographic monitoring 
was maintained for an additional hour after removal of in-
tracardiac catheters. 
Follow-up. After the study, the dogs were observed at 
weekly intervals for signs of tricuspid insufficiency, (ho-
losystolic murmur, neck vein distension and ascites) and 
repeat electrocardiograms were obtained. Two (Dogs 5 and 
6) of the six dogs with complete heart block were monitored 
by serial electrocardiograms up to a period of 4 weeks, after 
which repeat electrophysiologic studies were performed. In 
the remaining four dogs with prolonged A V nodal (AH) 
conduction time during the acute study, repeat electro-
physiologic studies were performed in the presence of auto-
Table 1. Laser-Induced A V Nodal Delays: Acute and Chronic Observations 
AH Inlerval (ms) ERP of AVN (ms) 2° APCL (ms) 
Post-Lasing Post-Lasing Post-Lasing 
Dog Control Acute Chronic Control Acute Chronic Control Acute Chronic 
I 70 100 100 <150 190 190 170 205 200 
2 60 140 135 170 190 210 210 270 280 
3 90 110 110 <200 <210 <210 260 2g0 270 
4 80 110 105 170 <200 <200 250 260 260 
Range* 60 to 90 100 to 140 100 to 135 <150 to <200 190 to <210 190 to <210 170 to 260 205 to 2g0 200 to 280 
Mean* 75 115 113 <172 <197 <202 222 254 253 
5 60 105. 3° 3° <150 220. 3° 3° 160 230. 3° 3° 
6 50 65.3° 3° <170 280. 3° 3° 210 320. 3° 3° 
Ranget 50 to 90 65 to 140 N/A <150 to <200 190 to 280 N/A 160 to 260 205 to 320 N/A 
Meant 68 105 N/A <185 215 N/A 210 261 N/A 
*For Dogs I to 4; tfor Dogs 5 and 6. AH = conduction time through the atrioventricular node: ERP of A VN = effective refractory period of the 
AV node: N/A = not applicable as in Dogs 5 and 6 in which third degree (3°) AV block was induced with additional laser radiation; 2° APCL = atrial 
pacing cycle length at which second degree (2°) A V block was manifested. 
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nomic blockade after 4 weeks in three (Dogs 2 to 4) and 
after 17 days in one (Dog I). 
Results 
Acute Observations (Table 1) 
Selective alteration of A V nodal conduction with laser 
energy was successful in the six consecutive dogs. 
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Figure 1. Lasing-induced PR prolongation due to AH lengthen-
ing. These changes persisted for up to 32 days. A, Control His 
bundle (H) recordings during normal sinus rhythm. The PR and 
AH intervals are 105 and 60 ms, respectively. The HV interval is 
40 ms and the QRS complex is narrow (60 ms). B, Immediately 
after (POST) lasing, recordings show prolongation of PR interval 
to 185 ms (compared with 105 ms during control in A). This 
lengthening is contributed exclusively by AH prolongation from 
60 to 140 ms. The HV interval and the QRS complex remained 
constant. C, Thirty-two days after lasing, recordings show per-
sistence of PR (180 ms) and AH (135 ms) prolongation, with 
minimal changes (5 ms). L, = lead II; RA = right atrial elec-
trogram. Recordings at 100 mm/s. 
Prolongation of A V nodal conduction. In each of the 
six dogs, initial lasing resulted in prolongation of: I) the 
PR interval from a mean control value of 116 ms (range 
100 to 135) to 153 ms (range 120 to 185). This prolongation 
was caused solely by the lengthening of the AH interval 
from 68 ms (range 50 to 90) to 105 ms (range 65 to 140) 
(Fig. IA and B), and 2) the atrial pacing cycle length at 
which second degree A V nodal (AH) block was manifested, 
It increased from 210 ms (range 160 to 260) to 262 ms 
(range 205 to 320), In four (Dogs I, 2, 5 and 6) of the six 
dogs, the effective refractory period of the A V node in-
creased from less than 160 ms (range < 150 to < 170) to 
220 ms (range 190 to 280). In the remaining two dogs (Dogs 
3 and 4), the effect of lasing on the effective refractory 
period of the A V node could not be evaluated because the 
atrial effective refractory period was reached before that of 
the A V node, In each dog, the AH interval, the effective 
refractory period of the A V node and the atrial pacing cycle 
length for second degree A V block progressively increased 
with a progressive increase in duration of laser radiation, 
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However, these three variables were not always altered in 
similar proportions. In some dogs, the prolongation of A V 
nodal refractoriness was greater than the increase in PR 
interval; in others, it was the reverse. 
During initial bursts (){Iasinli and especially with those 
of short duration (10 seconds), the initial minimal prolon-
gation in the AH interval (10 to 20 ms) was transient and 
regressed within 2 to 5 minutes. With additional laser ra-
diation, even minimal AH prolongation persisted. 
Second and third degree AU block. In two (Dogs 5 
and 6) of the six dogs, after inirial lasing and AH prolon-
45MlH 
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Figure 2. Dog 5. With lasing, I: I A V conduc-
iion progresses through second degree A V block 
to complete heart block (last two beats) without 
asystole. The escape junctional beats are pre-
ceded by an H potential and an unchanged QRS 
complex. L-2 = lead II. Recordings at 25 mm/s. 
gation, additional laser radiation was successful in further 
retardation of A V nodal conduction leading to second and 
eventually third degree AH block (Fig. 2 and 3). The blocked 
A waves were not followed by an H potential. and the 
conducted or escape beats were preceded by an H potential. 
There was no evidence of "split" His bundle potentials. 
In DOli 5 in which complete heart block was produced, 
the initial escape rhythm was junctional in origin (Fig. 2 
and 3). Each QRS complex was preceded by an H potential 
with an HV interval (35 ms) and QRS complex identical to 
those during the pre-lasing control normal sinus rhythm. In 
Figure 3. Dog 5. There is a gradual prolongation 
of the cycle length of the escape junctional rhythm 
from 740 ms immediately after lasing (upper two 
tracings) to 1,290 ms after 45 minutes (lower 
three tracings). The QRS configuration, duration 
and the HV interval (35 ms) remained constant 
and identical to that during normal sinus rhythm, 
The block A waves are not followed by an H 
potential. L-2 = lead II; RA = right atrial elec-
trogram. Recordings at 100 mm/s. 
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Figure 4. Dog 5. Spontaneous change (2 hours 
post-lasing) in escape rhythm from a junctional 
pacemaker to a distal rhythm with a slightly wider 
QRS complex. The upper panel is recorded at four 
times the paper speed of the bottom panel. CHB 
= complete heart block. 
this dog, the development of complete heart block and tran-
sition from I: I to third degree A V block was not accom-
panied by asystole since the junctional rhythm escaped with-
out any delay (Fig. 2). The initial cycle length of the escape 
junctional pacemaker was 740 ms, which gradually length-
ened to 1,290 ms during the ensuing 45 minutes. with a 
constant HV interval and QRS complex (Fig. 3). Two hours 
after lasing, the initial escape junctional rhythm was re-
placed by a subsidiary escape rhythm (cycle length 1,340 
ms) located distally and which persisted for the next 4 weeks 
(Fig. 4). The distal escape rhythm showed a wide QRS 
complex and absence of H potential preceding each QRS 
complex. 
111 DOR 6, the development oj' complete he(/rt h/ock W(/S 
(/ccompallied hv (/s.vstole for 13 seconds and initial escape 
of a junctional rhythm (Fig. 5). Two hours later. this dog 
exhibited transient resumption of I: I A V conduction that 
was briefly preceded by a high grade AH block with con-
duction ratios of 5: I and 4: I (Fig. 6). During the period of 
transient resumption of I: I A V conduction, however. A V 
conduction was abnormal in that: I) with atrial pacing, 2: I 
AH block was noted at a cycle length of 360 ms, 2) the 
A V nodal effective refractory period (340 ms) was markedly 
prolonged (Fig. 7), and 3) parox ysmal complete heart block 
occurred. This is in contrast to control observations of sec-
ond degree AH block at a cycle length of 210 ms and an 
effective refractory period of the A V node of less than 170 
ms. During the occurrence of initial second degree AH block 
(preceding complete heart block) and during the transient 
resumption of 3: I, 2: I and I: I A V conduction (after com-
plete heart block), the H potential. HV interval and QRS 
complex were identical to those during the control period 
(Fig. 5 to 7). Subsequently, permanent complete heart block 
was reestablished spontaneously and persisted through the 
4 week follow-up period (Fig. H). During complete heart 
block, the subsidiary pacemaker was located in the distal 
His-Purkinje system with a cycle length ranging between 
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2,400 and 2.600 ms. The escape QRS complexes were wide 
(90 ms) and not preceded by an H potential. 
With lasing. only A V nodal conduction properties were 
altered (from first to third degree AH block) as other con-
duction variables. that is, PA interval (range 5 to 15 ms). 
H potential (duration and configuration). HV interval (range 
35 to 40 ms) and QRS complex (duration and configuration). 
remained constant. Continuous electrocardiographic moni-
toring during lasing and up to 3 hours post-lasing failed to 
reveal any ventricular arrhythmia. At times. a few single 
atrial extrasystoles were seen during the actual bursts of 
delivery of laser energy. In some dogs. during the delivery 
of initial bursts (first 3 to 5 seconds) of laser energy. three 
to seven QRS complexes caused by an accelerated junctional 
rhythm were noted. with a cycle length ranging from 390 
to 470 ms (Fig. 9). This generally preceded prolongation 
of the AH interval or development of second or third degree 
AH block. Such accelerated junctional beats were never seen 
either before or after lasing. 
Chronic Ohservations (Tahle I) 
Four (Dogs I to 4) of the six dogs with prolonged A V 
nodal conduction and without the induction of second or 
third degree A V block continue to show prolongation with-
out any progression. Repeat electrophysiologic studies and 
inttacardiac recordings 4 weeks post-lasing demonstrated 
persistence of laser-induced changes in A V nodal conduc-
tion, although minimally reduced (Fig. I). A comparison 
between acute and chronic post-lasing observations, re-
spectively, showed: I) PR interval 162 ms (range 140 to 
185) versus 160 ms (range 140 to IHO), 2) AH interval 115 
ms (100 to 140) versus 113 ms (range 100 to 135),3) atrial 
pacing cycle length at which second degree AH block was 
manifested at 254 ms (range 205 to 2HO) versus 253 illS 
(range 200 to 2HO), and 4) effective refractory period of the 
A V node of less than 197 ms versus less than 202 illS. The 
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Figure 5. Dog 6. Laser-induced 
complete AH block accompanied by 
a long period of asystole. A, Induc-
tion of 2: I block and its progression 
in complete AH block. During 2: I 
and complete heart block, each A 
wave is not followed by an H po-
tential. B, After 13 seconds of asys-
tole, escape of a junctional beat is 
preceded by an H potential with an 
HV interval of 35 ms. The HV in-
terval, junctional QRS complexes and 
H potential are identical in config-
uration to those of control. Note the 
absence of H potential after each of 
the blocked A waves. L2 = lead II . 
Recordings at 50 mm/s. 
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PA interval, H potential (duration and configuration), HV 
interval and QRS complex (duration, configuration and axis) 
remained constant throughout, 
The two dogs with complete heart block (Dogs 5 and 6) 
survived without an implanted artificial pacemaker, despite 
marked bradycardia. The heart rate and the QRS complex 
(configuration, duration and axis) remained constant be-
tween days I and 28 after lasing. Repeat intracardiac re-
cordings 4 weeks post-lasing again demonstrated absence 
of an H potential after each A wave and localized the heart 
block in the A V node. No "split" H potential or indepen-
dent wandering H potential was seen. The escape rhythm 
originated in the distal His-Purkinje system because the QRS 
complexes were not preceded by an H potential. 
AI! six dogs remained alive and were without any com-
plication.l' during the acute study and the suhsequent 4 week 
FIl!ow-up study. No atrial or ventricular arrhythmias were 
noted during weekly electrocardiograms or during the 2 hour 
period of continuous monitoring in conjunction with the 4 
week post-lasing electrophysiologic studies. 
Discussion 
Our previous work (21,22) demonstrated the feasibility 
of producing complete heart block by microtransection of 
the His bundle with a laser catheter technique. It documented 
that laser radiation can be precisely controlled and that the 
degree of tissue injury can be limited to a fraction of a 
lACC Vol. 5. No.2 
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Figure 6. Dog 6. Periods of high grade A V block after 
induction of complete heart block which preceded tran-
sient resumption of I: I A V conduction. L2 = Icad II. 
~~~--~~~~~~~--~---V---v4~ 
i ,~ i 
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millimeter (22). The latter capabilities led to our evaluating 
its use in altering A V nodal conduction while retaining 
normal sinus rhythm and I: I A V conduction. This report 
documents successful accomplishment of these goals of sc-
lective alteration of A V nodal conduction in predictable and 
graduated steps. 
Laser-induced A V nodal changes. During our exper-
iments. the site of laser-induced A V conduction delay and 
block was localized to the A V node. The induced PR pro-
longation. second degree A V block (spontaneous or with 
atrial pacing) and third degree A V block were documented 
between the A and the H potentials. Laser injury was limited 
to the A V node as evidenced by the PA interval. H potential. 
HV interval and the QRS complex remaining constant. Even 
during induced complete heart block. the cscape .iunctional 
,~ . 
rhythm showed an HV interval and QRS complex identical 
to that before lasing. Although no physiologic effects of 
laser injury to the His bundle were observed. anatomic in-
volvement of a limited number of His bundle tibers. es-
pecially in the upper His bundle or NH region. cannot be 
ruled out without detailed histologic studies. Similarly. without 
histologic studies. the site of laser injury within the A V 
node. namely. the approaches to the A V node and the upper. 
middle or lower node. cannot be determined precisely. 
Present data document that laser radiation of the A V node 
curtails the number of atrial impulses transmitted to the 
ventricles by prolongation of both its conduction time and 
refractoriness. Although clinical induction of second or third 
degree A V nodal block may not be necessary for manage-
ment of supraventricular tachyarrhythmia. it was produced 
~1 LA •• _ 
,.. ~~ 
" " 
\I. .. :,i!t. U-ad ,k 
• _&"'''~''''5A • ,'a 
I I, ,I , ' 'I II ~ , 'I JriL1~ , A J,f...~·~41" , ' I ..b:IJ1,,,! I' ": I Ii , i , I -
Figure 7. Dog 6. Marked prolon-
gation of the effective refractory pe-
riod of the A V node during resump-
tion of I: I AH conduction (LASING 
5). The extrastimulus at an S,S, in-
terval of 320 ms is blocked. The ef-
fect of increasing amounts of laser 
energy on thc effecti ve refractory pe-
riod of the A V node (LASING I and 
5) is also shown. L-2 = lead II. 
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during our studies simply to document that A V nodal con-
duction can be modified to any desirable degree. Laser-
induced A V nodal changes showed no regression up to 4 
weeks, possibly because of: I) the nature of injury (tissue 
vaporization without any inflammatory response or reactive 
edema), and 2) lack of compensatory regeneration of tissue. 
These characteristics of laser injury are desirable. 
Features of induced complete AV block. In the two 
dogs (Dogs 5 and 6) in which complete heart block was 
produced by A V nodal interruption, the initial subsidiary 
escape rhythm originated in the A V junction, that is, distal 
to the site of block in the A V node or the upper His bundle. 
However, in both of these dogs 2 hours after lasing, the 
junctional rhythm was permanently replaced by a distal sub-
sidiary escape rhythm that persisted during the 4 weeks of 
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February 1985:259-67 
Figure 8. Dog 6. Two hours after in-
duction of complete heart block, the 
site of escape rhythm changed from a 
junctional pacemaker (Fig. 58) to one 
in the distal His-Purkinje system. The 
cycle length fluctuated between 2,100 
and 2,870 ms. A single conducted beat 
(fourth QRS) again shows a narrow 
QRS complex and an unchanged HV 
interval of 35 ms. This verifies the 
catheter location in the His bundle re-
gion and the absence of an H potential 
preceding the wide escape QRS com-
plexes. The absence of an H potential 
after each blocked A wave confirms 
the complete AH block. L2 = lead II. 
follow-up. These observations, although noted in only two 
dogs, are of interest and differ from those observed in dogs 
with direct current shock-induced complete heart block. This 
may be explained on the basis of one of the following four 
possibilities. I) The thermal effects of laser radiation on 
automatic cells leading to complete cessation or reduced 
automaticity were not completely manifested for a period 
of several hours and, thus, initially functioned for a brief 
period. 2) The junctional escape rhythm was dominated by 
higher automaticity of the pacemakers located in the distal 
His-Purkinje system (a less likely possibility). This may be 
an exception to the rule as junctional pacemakers normally 
exhibit comparatively higher automaticity. Furthermore, one 
of these two dogs with a distal escape rhythms had a heart 
rate of less than or equal to 30/min. 3) With the two tech-
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Figure 9. Dog 6. Paroxysm of ac-
celerated junctional rhythm (in lead 
II [L2, *]) during an initial burst of 
laser energy. The cycle length of the 
junctional beats is shorter than that 
of normal sinus rhythm. A minimal 
prolongation of AH and PR interval 
is noted after lasing (last beat). 
lACC Vol. 5, No.2 
February 1985:259-67 
niques, the site of injury may be localized to different por-
tions of the A V node with resultant different escape auto-
matic capabilities (a less likely possibility). 4) Laser radiation 
may produce homogeneous and uniform distribution of va-
porization and coagulation injury to the A V nodal tissues 
versus inhomogeneous scattered and diffuse changes with 
direct current shock. During direct current shock, small 
localized islands of A V junctional cells may be spared injury 
and, thus, permit the latter to maintain automaticity and in 
some dogs enable permanent resumption of I: I A V 
conduction, 
In all do!:s, with initial hursts (?llaser radiation, espe-
cially at lower energy levels and brief duration, the prolon-
gation of AH conduction time was transient and subsided 
to baseline levels within 2 to 5 minutes. This is possibly 
related to the tissue damage to the superficial layers of 
endocardial and myocardial cells covering the A V node or 
a limited number of A V nodal cells. It may be speculated 
that the transient alteration in A V nodal conduction was 
primarily due to the functional effects of thermal dissipation. 
However, with additional laser radiation, AV nodal cells 
were penetrated and damaged, resulting in permanent pro-
longation of A V nodal conduction time. 
Clinical implications. The application of laser energy 
using a catheter technique to modify A V nodal conduction 
offers potential advantages over the direct current shock 
method. I) The desired degree of conduction delay can be 
regulated. 2) As I: I A V conduction is retained, implantation 
of a permanent pacemaker is not needed. 3) The success 
rate with this procedure in altering A V conduction (A V 
nodal delay in six of six dogs and third degree A V block 
in two of two dogs) was 100% as compared with lower 
success rates (as low as 50% reported by some II OJ) when 
experimental induction of complete heart block was at-
tempted with direct current shock. 4) The zone of injury 
may be limited to less than 1 mm without damage to the 
adjoining conducting tissue. This is in contrast to extensive 
first and second degree burns seen over an area of up to 2 
cm during the acute phase of direct current shock-induced 
injury (II). The application of this technique for manage-
ment of supraventricular tachyarrhythmias in human beings 
appears promising and merits further investigation. 
We express our sincerest thanks to Doris Miller t(lr her excellent secretarial 
ass istance. 
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